Native protein sequences are designed to destabilize folding intermediates.
Hydrophobic core mutants of sperm whale apomyoglobin were constructed to investigate the amino acid sequence features that determine the folding properties. Replacements of all of the Ile residues with Leu and of all of the Ile and Val residues with Leu decreased the thermodynamic stability of the folded states against the unfolded states but increased the stability of the folding intermediates against the unfolded states, indicating that the amino acid composition of the protein core is important for the protein stability and folding cooperativity. To examine the effect of the arrangement of these hydrophobic residues, mutant proteins were further constructed: 12 sites out of the 18 Leu, 9 Ile, and 8 Val residues of the wild-type myoglobin were randomly replaced with each other so that the amino acid compositions were similar to that of the wild-type protein. Four mutant proteins were obtained without selection of the protein properties. These residue replacements similarly resulted in the stabilization of both the intermediate and folded states against the unfolded states, as compared to the wild-type protein. Thus, the arrangements of the hydrophobic residues in the native amino acid sequence are selected to destabilize the folding intermediate rather than to stabilize the folded state. The present results suggest that the two-state transition of protein folding or the transient formation of the unstable intermediate, which seems to be required for effective production of the functional proteins, has been a major driving force in the molecular evolution of natural globular proteins.